SUMMARY. Topical negative pressure is widely used in the management of superficial wounds. The use of this technology in the management of oesophageal perforations is becoming increasingly common. This systematic review aims to capture available evidence about its use in this setting. Medline and Embase were searched using MeSH terms and free text: esophageal perforation; esophageal injury; vacuum assisted closure; vacuum therapy device; esophagus; wounds penetrating; esophageal perforation; wound healing; negative pressure wound therapy. Searches were carried out between April and November 2015. Case series, cohort trials and controlled trials were included. Additional studies were found by hand searching reference lists. Eleven studies met the inclusion criteria with 180 patients. Nine of the studies were case series and two were retrospective comparisons of negative pressure with stents or clips. Healing of the perforation occurred in 163/179 patients and the overall mortality was 12.8%. Compared with published data on mortality from oesophageal perforation, the application of negative pressure appears to be beneficial. The studies are, however, limited to case series and retrospective cohort studies. The number of patients in each study is small and in the absence of randomized trials demonstrating a lack of bias firm conclusions cannot be made.
INTRODUCTION
Oesophageal leaks and perforations are associated with significant life-threatening complications with mortality rates of 13.2%. 1 Management strategies range from non-operative including chest drains, nasogastric drainage, antibiotics and intravenous nutrition, through endoscopic techniques including stents and clips, to open surgical repair. While surgery has been considered the standard of care, less invasive options have been associated with improved outcomes in some studies. 2 Topical negative pressure has been widely used in the management of superficial wounds 3 and has been used in the management of colorectal anastomotic leaks. 4 The aim of this review is to assess the evidence relating to the use of endo-luminal negative pressure application to the management of oesophageal leaks and perforations looking at healing rates and mortality compared with established practice.
METHODS
Embase and Medline were searched using the following thesaurus terms with no date restriction: esophageal perforation; esophagus injury; vacuum assisted closure; esophagus; wound healing; negative pressure wound therapy. These search strategies were repeated using free text. Google Scholar and grey literature databases were searched using the same terms and no additional studies were found that matched the inclusion criteria.
Searches were conducted between April and November 2015. The reference lists of relevant papers were hand searched for additional studies. All papers looking at the use of topical negative pressure in the management of oesophageal leaks and perforations were reviewed. Series of fewer than five patients and individual case studies were excluded, as were animal studies. Where multiple papers described overlapping datasets the most recently published study was included. The searches were carried out by two authors NN and AS and disagreement in suitability of papers for inclusion was referred to a third author RR if required. 
RESULTS
A total of 11 papers describing 180 patients were identified in the literature search. Figure 1 demonstrates the search results.
Eleven studies met the inclusion criteria for this review (Table 1) . Table 2 gives a breakdown of the available demographic data. One hundred and seventy nine patients were treated with endo-luminal negative pressure using a variety of techniques, either dedicated systems (Endo-Sponge System, B. Braun, Melsungen, Germany) 14 or systems made using open cell polyurethane foam attached to a nasogastric tube. The studies consistently reported sponge changes every 2-4 days. Reported healing times ranged from 3 to 78 days with the median or mean healing times ranging from 11 to 29 days. Healing was variously defined as endoscopic or radiological closure of perforation with no evidence of ongoing sepsis. The heterogeneous nature of the included patients likely explains the wide variation in healing times. Some patients were treated within 24 h of the injury or leak being identified, while in others the perforation was recognized and treatment started after several weeks. None of the studies were randomized or controlled although Schniewind et al. 9 reported 17 patients as part of a comparison study looking at endo-luminal negative pressure, surgery, stenting and a non-operative approach in the management of anastomotic leaks. This study was a retrospective review and treatment decisions were made at the discretion of the primary surgeon. The treatment cohorts were matched using the APACHE II score and no randomization was performed. Brangewitz et al. 3 retrospectively compared negative-pressure therapy and stenting by comparing outcomes from 2000 to 2006 when stenting was the treatment of choice and 2006-2011 when negative pressure was the treatment of choice.
Complications
Brangewitz et al. 3 reported three patients with major complications: bleeding caused by removal of the sponge that was successfully treated endoscopically; bronchoesophgeal fistula formation requiring surgical management and a mucosal tear caused by sponge removal managed endoscopically. They also found a 2.3% sponge dislocation rate. Wedemeyer et al. identified two sponge dislocations out of a total of 48 (4.2%). 11 Other complications described include detachment of the sponge. 16 Stricture formation requiring dilatation was identified in eight patients of 180 in this review (4.4%).
DISCUSSION
Topical negative pressure dressings are widely used in the management of complex superficial wounds. The purported effect of this therapy is to draw fluid away from the wound so reducing bacterial load within the wound and to stimulate healing tissues to create healthy granulation tissue. 3 Endo-luminal negative pressure involves placing an appropriately sized polyurethane sponge, attached to a nasogastric tube, into the cavity caused by the leak or perforation. The sponge is changed every 3-4 days until the cavity is small enough to be left to heal without further application of TNP.14 Figure 2 shows a diagrammatic representation.
A negative pressure system can be made from a small piece of polyurethane sponge (e.g. VAC R Granu-FoamTM, pore size 400-600 μm; KCIKineticConcepts, Inc., TX, USA, and Wiesbaden, Germany) attached to a nasogastric tube in such a way that the holes in the tube are covered by the sponge. 17 Commercial systems also exist with the sponge already attached to the tubing 14 (e.g. EndoSponge System, B. Braun, Melsungen, Germany). Two techniques are described for deploying the sponge and tubing. First, the system can be passed alongside the endoscope and the sponge maneuvered into position using forceps, 18 alternatively an overtube technique can be used. The overtube is placed over the endoscope with a short section extending beyond the tip of the scope. The endoscope is then passed into the oesophagus, the end of the overtube is placed in the cavity, the endoscope is then removed and the drainage system is pushed down the tube. 14 In all except two of the studies in this review, post-operative anastomotic leaks were the commonest indication for treatment. This differs from larger series looking at oesophageal leaks and perforations where, typically, iatrogenic perforations account for over 50% of cases. 19 Iatrogenic injuries are associated with early recognition, limited contamination and low morbidity and mortality and as such may not benefit from negative pressure.
The outcomes of the studies in this review compare favourably with mortality rates reported following other forms of treatment for oesophageal leaks and perforations. Typical treatment algorithms highlight the importance of the septic condition of the patient as to whether surgery or non-operative management is recommended. 20 All of the studies in this review included unselected septic patients. One study combined surgery for management of mediastinal contamination with endo-luminal negative pressure demonstrating its use as an adjunct to surgery. Few complications are described in this series. One other case report 21 describes ingrowth and disintegration of the sponge after 4 days. The sponge was successfully removed and treatment continued with shorter intervals between placement.
In these series, the duration of treatment depended on the nature of the perforation, but overall compares well with previously published reports on length of time healing takes with stents. Many authors 22 recommend stents remain in situ for 6-8 weeks and in this current review most patients were healed within an average of 4 weeks. A significant downside to this technique is the requirement for endoscopy every 3-4 days. This has cost and resource implications however these may be overcome by the shorter treatment times and improved outcomes suggested by this review.
These studies are limited due to the small numbers, the retrospective nature of the work and the lack of randomization. Overall risk of bias in the studies cited in this paper is very high and this should be considered when making an overall judgement on the potential utility of this technique.
CONCLUSION
This review found eleven studies documenting 180 patients receiving endo-luminal topical negative pressure for a variety of oesophageal leaks and perforations. Outcomes from these series are comparable to, or better than, published data on more established treatments, although its safety profile is yet to be fully determined. It remains a relatively new, though promising technique.
